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Ruizi Wang1, Michael E. Cholette1, Lin Ma1 
Abstract   In this paper, a maintenance prediction model is developed for school 
building assets using a large data set provided by the Queensland Department of 
Education and Training (DET). DET data on the asset condition, historical 
maintenance expenditure, and asset characteristics, was analyzed to evaluate 
which characteristics affect the maintenance needs of the school assets. The condi-
tion of the assets was quantified using data on the estimated maintenance backlog.  
Using statistical methods, models for key building element groups were construct-
ed and the statistical significance of each factor was evaluated. It was found that 
the school region, the gross floor area, and the maintenance expenditure signifi-
cantly affected the degradation of key building element groups. 
1 Introduction 
School facilities are crucial assets that are designed to provide safe and com-
fortable places for learning. It is generally acknowledged in the relevant literature 
that the physical condition can significantly affect teaching, learning, and the 
health and safety of students and teachers (Lyons 2001, Schneider 2002, Lawrence 
2003, Mahli, Che-Ani et al. 2012), making maintenance a critical part of the mis-
sion of schools. Yet, setting the appropriate level and allocation of maintenance 
funds remains a challenge. In Queensland, this is evident from the significant and 
persistent maintenance backlog, which was estimated at $232 million since the ef-
forts to clear the 2011-2012 school maintenance backlog of $298 million (Queens-
land Audit Office 2015).   
Funding allocation models for buildings are typically based on the value of the 
building asset. For instance, in Queensland, the Department of Housing and Public 
Works (Queensland Department of Housing and Public Works 2012) recommends 
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a minimum allocation of 1% of the building Asset Replacement Value (ARV) for 
annual maintenance budgeting. Such valuation-based funding allocation models 
are prevalent, however, they fail to account for key attributes that affect facility 
maintenance needs, e.g. current condition and age (Bello and Loftness 2010). In 
response to the deficiencies of the valuation-based methods, much of the existing 
government documents and literature recommend moving toward a predictive ap-
proach. However, in order to support this practice, a prediction of future degrada-
tion is needed.  
This paper details research which aims to lay the foundation for a sophisticated 
predictive maintenance methodology by constructing a statistical model for fore-
casting future maintenance needs. To this end, historical maintenance and condi-
tion data of Queensland schools have been utilized to identify statistically signifi-
cant asset characteristics (e.g. geographical location, physical size, enrolment) 
affecting maintenance needs.  
The paper is structured as follows. Section 2 details the data that was available 
for statistical analysis. Section 3 presents some preliminary analysis targeted at 
uncovering patterns in the maintenance expenditures. In Section 4, a statistical ap-
proach to analyze influential factors is described. The resulting significant factors 
driving the non-uniformity of school maintenance costs are given with discussions 
in the following Section 5. Finally, the conclusions of the research are presented in 
Section 6. 
2 Data Description 
A considerable amount of data to support this study was collected in conjunc-
tion with the Queensland Department of Education and Training (DET). Queens-
land schools are organized into regions (Figure 1) which have a number of con-
stituent schools. Each school has a unique identifier (ܥܫܵ) and is comprised of a 
number of buildings, each of which also has unique identifiers (ܤܫܦ). The majori-
ty of ܤܫܦs have a construction date which can be used to determine the building’s 
age. Most buildings have a recorded gross floor area (ܩܨܣ) as well. Buildings 
have a number of element groups (e.g. external finishes and internal finishes) 
whose condition will be the subject of analysis. 
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Figure 1 Regional Map of Queensland from (Department of Education and Training, 
Queensland Government 2016) 
Among the numerous element groups present in the buildings, three critical el-
ement groups (ܧܩܥs) were selected per the advice of at DET: external finishes 
(EFIN), internal finishes (IFIN), and building structure (BLDG), which are signif-
icant maintenance cost drivers for DET. Motivated by literature, expert opinion at 
DET, and the preliminary analysis (detailed in Section 3), the following attributes 
were considered to potentially affect the degradation of the considered ܧܩܥݏ: 
1. School gross floor area, ܩܨܣ஼ூௌሺݐሻ  
2. Building gross floor area, ܩܨܣ஻ூ஽ሺݐሻ  
3. Enrolment, ܧ஼ூௌ  
4. Region, ݎ஼ூௌ 
5. Utilisation, ܷ஼ூௌሺݐሻ  
6. Distance from the Coastline ܥܮ஼ூௌ  
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7. Capital expenditures + Planned/unplanned maintenance expenditures, 
ܧܺ ஼ܲூௌሺݐሻ2 
8. Age of the buildings, ܣܩܧ஻ூ஽ሺݐሻ  
9. Heritage (historical) listing, ܪ஻ூ஽  
The subscript indicates if the attribute is associated with the school or the build-
ing. 
3 Preliminary Analyses of Influential Factors to 
School Maintenance Cost 
The condition of a particular element group was quantified by the indicative 
cost, or the estimated cost to repair, and a degradation rate is thus a change indica-
tive cost per unit time. The indicative costs for a selected ܧܩܥ for a particular 
building (ܤܫܦ) can be computed by summing up the indicative costs for all ele-
ments (ܧ) that belong to the ܧܩܥ 
ܫ஻ூ஽,ாீ஼ሺݐሻ ൌ ෍ ܫ஻ூ஽,ாሺݐሻ
ா∈ாீ஼
 (1) 
where ܫ஻ூ஽,ாሺݐሻ is the indicative cost of element ܧ at time ݐ and the expression 
ܧ ∈ ܧܩܥ (in an abuse of notation) indicates that an element belongs to a particular 
ܧܩܥ. It is implicitly assumed that the indicative cost on un-inspected elements is 
zero. That is, a report only appears when the element is in need of repair. 
The ܤܫܦ  level indicative costs may be used to assess the impact of the build-
ing-level candidate factors: building age, building ܩܨܣ, and heritage listing. How-
ever, most of the analysis of the indicative cost patters was conducted at the 
school level (ܥܫܵ) by summing the indicative costs for each ܤܫܦ for the	ܧܩܥ of 
interest 
ܫ஼ூௌ,ாீ஼ሺݐሻ ൌ ෍ ܫ஻ூ஽,ாீ஼ሺݐሻ
஻ூ஽∈஼ூௌ
 (2) 
The reason for conducting the analysis at the school level is that the majority of 
the candidate influential factors are specified at the ܥܫܵ level. By examining the 
indicative cost of the school, the effect of sparse of building-level condition as-
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sessments is less pronounced, provided that the element group is inspected on 
some buildings for a school in a particular year. 
Figure 2 shows the time history of EFIN indicative cost per mଶ (i.e. ܩܨܣ), 
which we use as an indication of school size3. The results clearly indicate that 
there are significant regional differences in the various regions of Queensland: 
Darling Downs South West, North Queensland, and Central Queensland have sig-
nificantly higher EFIN costs per mଶ than the remaining regions. This is important 
to note for any prediction, since increasing the GFA in one of these regions would 
have a larger effect on total EFIN maintenance costs than elsewhere. 
Figure 3 shows per ݉ଶ indicative costs for IFIN. From these plots it is ob-
served that the total maintenance work to be done for IFIN has stabilized and is 
now (slightly) decreasing for most regions. It is also noted that Darling Downs 
South West and Central Queensland are the regions that have the worst IFIN in-
dicative costs per mଶ. 
 
Figure 2 Indicative cost per m2 of EFIN for each region 
                                                          
3 One could also use the number of students to normalize the costs. However, motivated by 
our later statistical analysis, we only show ܩܨܣ. 
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Figure 3 Indicative cost per m2 of IFIN for each region 
   
Figure 4 Indicative cost per m2 of BLDG for each region 
Finally, the regional trends in BLDG condition were examined. Figure 4 shows 
per mଶ indicative costs that Central Queensland, and North Queensland, and Far 
North as have the highest indicative costs per mଶ. It is also noted that most of the 
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regional indicative costs have decreased significantly, but have started to increase 
again. 
Clearly, there are regional differences even after normalisation by ܩܨܣ. This 
variation motivates the inclusion of the region as a potential influential factor. Ex-
amining the map of the regions in Queensland in Figure 1Error! Reference 
source not found., we can see a common factor of the high-cost regions: they all 
have significant inland regions, motivating the inclusion of the distance from the 
cost as a potential influential factor as well. 
4 Model Development 
In this section a model for the degradation of the ܧܩܥݏ is developed. The con-
dition of a particular ܧܩܥ was quantified by the indicative cost, so degradation is 
simply the change in total indicative cost of an ܧܩܥ per unit time. 
߂ܫ஼ூௌ,ாீ஼	ሺݐሻ ൌ ூ಴಺ೄ,ಶಸ಴ሺ௧ሻିூ಴಺ೄ,ಶಸ಴ሺ௧ℓሻ௧ି௧ℓ                              (3) 
where ݐℓ is the time of the last inspection. We will hereafter refer to Δܫ஼ூௌ,ாீ஼	ሺݐሻ 
as the school indicative cost rate and analogously define Δܫ஼ூௌ,஻ூ஽	, the building 
indicative cost rate as an obvious modification to Equation (1). 
Two statistical tools were employed to assess the significance of the potential 
factors: multivariate regression will be used to assess the strength of the effect of 
each factor while and analysis of variance (ANOVA) will be used to assess the 
strength of the evidence that the factor is important. The difference between these 
“strengths” is subtle but important: a high strength of effect indicates that the fac-
tor has a large influence on the indicative cost rate while a high strength of evi-
dence means that this effect is real and not just a statistical fluke. Accordingly, our 
working model for examining the significance of each factor at the school level 
was formed as follows: 
Δܫ஼ூௌ,ாீ஼ሺݐሻ ൌ 	ߙଵܩܨܣ஼ூௌ ൅ ߙଶܷ஼ூௌሺݐሻ ൅ ߙଷܧܺ ஼ܲூௌሺݐሻ ൅ ߙସܧ஼ூௌሺݐሻ ൅ ߬௥
൅ ߙହܥܮ஼ூௌ ൅ ܾ ൅ ߝሺݐሻ 
(4) 
and for the building level as 
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Δܫ஻ூ஽,ாீ஼ሺݐሻ ൌ ߙଵܩܨܣ஻ூ஽ ൅ ߬௥ ൅ ߙଶܥܮ஻ூ஽ ൅ ߙଷܣ݃݁஻ூ஽ሺݐሻ ൅ ߬ு஻ூ஽ ൅ ܾ൅ ߝሺݐሻ 
(5) 
where ߝሺݐሻ is the prediction error and the remaining variables are defined in 
Section 2. To assess the strength of evidence, we will examine the ݌-values 
resulting from the ANOVA. We will adopt the conventional (albeit somewhat 
arbitrary) ݌ ൏ 0.05 as statistically significant factors, i.e. we wish to have less 
than a 5% chance that the factor is falsely stated as significant. 
The school level model of Equation (4) will be our primary tool for exploring 
the strength of the candidate factors. However, the age of the school isn’t mean-
ingful since each building can be of significantly different age. Heritage listing is 
also a building level property. Thus, we also employ a building level model to as-
sess the influence of heritage listing and age. 
The procedure for assessing a factor’s significance was as follows: 
1. Begin by considering one factor at a time. Eliminate all factors that are not sta-
tistically significant on their own. 
2. For all the statistically significant factors from step 1, fit a model with the first 
level factors (i.e. “main effects” in ANOVA terminology).  
3. If all ݌ ൏ 0.05 stop. Report factors. If not, exclude the factor with the highest 
݌-value and repeat steps 2-3. 
In the following sections, the results of statistical analysis for each ܧܩܥ at the 
school and building level will be detailed. For the following results, the regions 
are encoded as in Table 1. 
Table 1 Region Numbers 
Region Name Number 
Central Queensland 1 
Darling Downs South West 2 
Far North Queensland 3 
Metropolitan 4 
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North Coast 5 
North Queensland 6 
South East 7 
5 Results and Discussions 
5.1 School-level results  
For EFIN, the identified influential variables were displayed in Table 2. The re-
sults demonstrate ܩܨܣ஼ூௌ positively influences the changes in the indicative cost 
while ܧܺ ஼ܲூௌሺݐሻ negatively influences it. This is of course intuitive: a larger floor 
area is more difficult to maintain and maintenance spending should improve the 
condition, decreasing the indicative cost. 
Table 2 Influential variables for EFIN on school level 
 
The region, ݎ, was also identified as significant influential factor with approxi-
mately zero p-value. Regional coefficients ߬௥ in red of Darling Downs South 
West, North Queensland and Central Queensland are significantly higher than 
other regions, confirming our ad hoc analysis in Section 3. Figure 5 shows a 1D 
projection of the prediction along the ܩܨܣ factor to give a sense for the quality of 
the fit. 
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Table 3 shows the results for IFIN. We once again find that	ܩܨܣ஼ூௌ, ܧܺ ஼ܲூௌሺݐሻ, are significant, however ݎ is just outside our significance cut-off, and 
we briefly depart from convention to show its coefficients. We see that the high-
cost regions are once again represented (1, 2, and 6), but we also note that the re-
gional coefficient of the South East (7) region is high. The South East region has 
the third highest ܩܨܣ, which is directly in line its third-highest indicative cost 
(Figure 3). However, the fast rise at the beginning of the series leads to the large 
estimated ߬଻ (Table 3). This may be due in part to the “start-up” effect noted in 
Section 3, but it was decided that the data series was too short to leave out these 
early points for this exploratory analysis. 
The results for BLDG can be seen in Table 4. Following our procedure, the in-
fluential variables would have been ܩܨܣ஼ூௌ and, to a lesser extent, ܧ஼ூௌ (݌-value ൌ 0.015). However, ܧ஼ூௌ was excluded from the influential variable list for two 
reasons: 
1. ܧ஼ூௌ is highly correlated with ܩܨܣ஼ூௌ (correlation coefficient of 0.88), meaning 
that they contain very similar information. 
2. The coefficient of ܧ஼ூௌ was negative, which makes no physical sense since 
more students would decrease the indicative cost. 
 
 
Figure 5 Prediction of change of indicative cost from the fitted model 
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Table 3 Influential variables for IFIN on school level 
 
Point 1 is supported when the second level factors of ANOVA are considered 
(i.e. “interaction” terms). We find that the interaction term is significant, but the 
main effect for ܧ஼ூௌ is not. This means that ܧ஼ூௌ influences the result only 
through	ܩܨܣ. We thus neglect it as a significant factor on its own, but a more so-
phisticated prediction model may need to consider this nonlinear effect for optimal 
accuracy. 
We also note that maintenance expenditure was not significant for BLDG. This 
is likely due to the fact that in the data available, there is no straightforward way 
to extract only maintenance expenditures that are related to BLDG alone. Thus, 
the entire maintenance expenditures must be used, much of which did not pertain 
to the external finishes.  
Based on the analysis for the three element groups EFIN, IFIN and BLDG on 
school level, ܩܨܣ and region (ݎ) have been identified as strongest influencing the 
degradation on school level. Maintenance expenditure does have an effect, but on-
ly when expenditure data related directly to the EGC can be extracted, as was 
done for EFIN and IFIN. 
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Table 4 Influential variables for BLDG on school level 
 
5.2 Building-level results 
A building-level model was proposed in Equation (5) and the identified influ-
ential variables for EFIN and IFIN are displayed in Table 5 and  
 
Table 6, respectively. For EFIN, the identified influential variables at the building-
level are ܣܩܧ஻ூ஽ and region, while for IFIN the influential variable is region 
alone. Interestingly, ܩܨܣ஻ூ஽ is not a significant factor. This may be due to the 
lack of maintenance information, which adds uncertainty to the analysis and 
makes it more difficult to find smaller correlations. It might also be that at the 
school level, ܩܨܣ is a proxy for the number of buildings to be maintained, while 
this is not so at the building level (there’s only one). 
Examining the EFIN regional coefficients, we see that the three largest regional 
coefficients are indeed the same as at the school level, further supporting the idea 
that these regions are indeed significantly different in terms of EFIN degradation. 
On the other hand, for IFIN we see that the regional effects with the high ߬௥ values 
correspond to the high un-normalized indicative cost regions. This is likely due to 
the fact that the lack of maintenance expenditure information has left ݎ݁݃݅݋݊ as 
the only significant factor at the building level, forcing it to explain all of the vari-
ation in the indicative cost rates alone. 
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Table 5 Influential variables for element group EFIN on building level 
 
 
Table 6 Influential variables for element group IFIN on building level 
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The results for BLDG at the building level can be seen in Table 7. We clearly 
see that all considered variables are significant, with a small effect from the herit-
age listing. Interpreting the regional effects with regard to Figure 5 also suggests 
that Central and Far North Queensland are confirmed as being more severe re-
gions for BLDG degradation. However, the high degradation rates in North 
Queensland appear to be explained in part by other factors included in the model 
Table 7 Influential variables for element group BLDG on building level 
 
6 Discussion and Conclusions 
Based on the statistical analysis on both school and building levels, influential 
factors can be concluded as follows: 
 Region, ܩܨܣ, ܣ݃݁ are confirmed to be influential factors correlated to indica-
tive cost rates 
 Maintenance expenditure effect is a significant factor when we can extract the 
maintenance that pertains to a particular ܧܩܥ. 
 Heritage listing has a statistically significant effect on BLDG indicative cost, 
but the effect is small relative to ܩܨܣ and ܣܩܧ. 
The models established here confirm the feasibility of constructing a model to 
predict the indicative costs over time. Furthermore, for the models that include ex-
penditure, we can have a coarse estimate of the expenditure required to stabilize 
the indicative cost by setting Δܫ஼ூௌ,ாீ஼ሺݐሻ ൌ 0 and solving for ܧܺ ஼ܲூௌሺݐሻ in Equa-
tion (4). 
The significant influential factors on school maintenance cost have been identi-
fied through statistical analysis of Multivariate Regression and ANOVA. From the 
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available data region, ܩܨܣ, and ܣ݃݁ are verified as influential factors in the deg-
radation school facilities. Maintenance expenditure is clearly significant as well, 
but only when more targeted maintenance expenditure information can be ob-
tained using the descriptions or maintenance programs.  
Based on the model presented in this paper, the effects of future school assets 
can be predicted. For instance, it can be seen that expanding school assets in the 
inland regions (e.g. Darling Downs South West) will have a larger impact on ex-
ternal finish maintenance costs than expansion elsewhere. Additionally, ageing 
schools are likely to lead to larger maintenance costs; a factor which will play an 
important role in budget planning and asset renewal decisions. 
Clearly, the proposed (linear) models can provide a prediction of the mainte-
nance cost for these new assets. However these simple statistical models here were 
indented as tools for exploring the statistical significance of various factors and 
not focused on the accuracy of the prediction. We have also ignored the interac-
tion effects of various factors, which a more sophisticated regression could use to 
enhance the prediction accuracy. For a future funding allocation model, it is rec-
ommended for inclusion in a funding allocation model. 
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